I. Anti-HIFC sera
Purified hog intrinsic factor concentrate1 (P-HIFC) was used as the stimulating antigen.
A. Rabbits. To 0.5 mg of P-HIFC dissolved in 1.0 ml of saline an equal volume of complete Freund's adjuvant2 was added, and the mixture was emulsified thoroughly. Two albino rabbits each weighing 2 to 3 kg were injected weekly for 4 weeks with P-HIFC in adjuvant as follows: initially, 0.25 ml was administered into each foot pad; subsequently, 1.0 ml was injected into multiple subcutaneous and intramuscular sites. After a rest period of one month, the animals received intraperitoneally 0.5 ml of P-HIFC in saline without adjuvant and one week thereafter were bled. Sera were separated by centrifugation, pooled, and stored at -20°C until used.
B. Patients. Two elderly males (J. W. and J. D.) with treated pernicious anemia, previously diagnosed on the basis of 1) macrocytic anemia with megaloblastic bone marrow, 2) gastric anacidity after maximal histamine stimulation, 3) low vitamin B,.! and normal folate serum levels, and 4) subnormal absorption of Co'-vitamin B,2 corrected by orally administered HIFC, were injected repeatedly with P-HIFC in the following manner: to a 100 mg per 100 ml concentration of P-HIFC in sterile saline was added sufficient 2% merthiolate 3 solution to result in a 1: 1,000 concentration. Aerobic and anaerobic cultures of this preparation were consistently sterile. The P-HIFC solution, 0.2 ml, was mixed with 0.3 ml of incomplete Freund's adjuvant2 and injected subcutaneously into the right upper arm. No immediate or delayed effects were noted other than persistent "soreness" at the injection site. One week thereafter, 0.5 ml of P-HIFC without adjuvant was administered subcutaneously into the left upper arm. No immediate untoward effects were noted; however, patient J. W. reported mild itching at the injection site, beginning within 4 to 6 hours and per- 2 Difco Laboratories, Detroit, Mich. 3 Thimerosol, Eli Lilly and Co., Indianapolis, Ind. (13) . t Numbers in brackets indicate separate serum specimens from the same subject. All homogenate uptake studies were performed on the same day with samples of the same liver.
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sisting for 2 to 3 days. Subsequent injections of 0.1 or 0.2 ml of P-HIFC in saline were administered intradermally in order to observe the development of skin sensitivity. Patient J. WV. received a total of 1.1 mg and patient J. D. a total of 0.9 mg of P-HIFC. Generous blood samples were obtained from both patients before immunization was initiated, immediately before each injection of P-HIFC, and 1 week after the series of injections was completed. Sera were separated by centrifugation and stored in separate vials at -200 C until used.
II. Sera from Patients Previously proved refractory
The sera were supplied by Drs. Lowenstein and Cooper from 5 patients with pernicious anemia unresponsive to oral HIFC previously reported in detail by their group (13) . In all, 12 sera were provided by the Montreal group; the first 8, characterized only by the serial code letters "A" to "H," included sera from subjects without pernicious anemia as well as from patients with pernicious anemia previously demonstrated to be refractory to oral HIFC. After completion of the studies herein reported, the donor of each serum was identified. The remaining sera were known to be recently obtained specimens from 4 previously refractory patients; 3 of the 4 had earlier contributed sera included in the first group of 8.
In Table I are designated a) the source and collection date of each serum studied and b) whether the patient was receiving oral HIFC at the time his serum was obtained. In addition, the results of the most recently performed hemagglutination titration studies (BDB = bis-diazotized benzidine) performed by Lowenstein, Cooper, Brunton, and Gartha (13) are included.
III. Serological studies
A. Agar diffusion. Precipitating antibodies to P-HIFC were sought in the sera of the patients and rabbits immunized with P-HIFC and in the sera of 5 patients previously proved refractory to oral HIFC. For this purpose, the double diffusion methods of Ouchterlony (14) and Preer (15) specific activity of 990 jic per mg to 6.0 ml of a 550 mg per 100 ml aqueous suspension of HIFC (WES 671-A). Although it would have been preferable to use P-HIFC as the antigen in this precipitin system, an insufficient supply of the latter material would not permit this. After dialysis for 24 hours against cold (40 C) water, the contents of the dialysis bag were centrifuged in the cold and the scanty precipitate discarded. The clear supernatant fluid was diluted 1: 5 in saline, and 0.5 ml samples thereof were pipetted into a series of test tubes. Three ml of the pooled serum obtained from rabbits after immunization with P-HIFC were diluted serially in twofold steps, from 0 to 1: 1024. To each tube containing Co5T-B,2-HIFC was added 2 ml of a given dilution of rabbit antiserum; a control tube containing normal, undiluted rabbit serum was included. After incubation at 370 C for one hour, the tubes were allowed to stand at 4°C for 48 hours. The precipitates were spun down, washed twice in cold saline, and counted against 0.5 ml of the Co0T-B,2-HIFC standard in a well-type scintillation counter.
IV. Electrophoretic studies
A similar Co5T-B,2-HIFC complex was prepared by the addition of 0.5 ml (0.484 /ug) Co5T-B,2 to 2.5 ml of a 100 mg per 100 ml aqueous suspension of HIFC (WES 671-A). After 
V. Homogenate studies
In the presence of a hog intrinsic factor source, homogenates of rat liver will take up large quantities of vitamin B12 from the surrounding medium (17) . In order to explore the effects of various sera in this system, the standard homogenate technique was modified as follows: HIFC (WES 186-1) was prepared as a 5 mg per 100 ml suspension in saline. To a series of test tubes containing 0.5 ml of the test serum serially diluted in saline from whole serum to 1: 32,000, 0.5 ml of the HIFC suspension was added (containing 25 ug of HIFC). After incubation for 1 hour at 370 C and overnight at 40 C, the tubes were centrifuged at 3,000 rpm in the cold for 30 minutes. The supernatant fluid was decanted and a sample thereof assayed for intrinsic factor activity in the liver homogenate system by the single incubation technique (17) . The following controls were always included: normal serum with HIFC, test serum without HIFC, and saline with HIFC. During the incubation of immune rabbit serum with HIFC, precipitates formed in tubes containing the higher concentrations of rabbit serum. These precipitates were washed twice in saline and dissolved in 0.1 ml 0.05 N NaOH. Chemical neutrality was re-established with addition of 0.05 N HCl and sufficient Krebs-Ringer Tris buffer, pH 7.4, added to result in a standard volume of 1 ml. These dissolved, buffered precipitates, which showed no tendency to reprecipitate spontaneously, were assayed simultaneously with the supernatant fluids in the liver homogenate system by the single incubation technique. The results were expressed as counts per minute above or below the value given by the control containing test serum without added HIFC.
After it had become apparent that antisera to HIFC prevented the latter from enhancing radioactive vitamin B,2 uptake in the homogenate system, the mechanism of inhibition was investigated by means of the sequential incubation technique (17) . Samples-of liver homogenate were incubated for 30 minutes at 250 C in a) HIFC, b) rabbit anti-HIFC serum, or c) saline. After the homogenates were washed in buffer, anti-HIFC serum was added to the homogenate previously exposed to HIFC, HIFC added to the homogenates previously incubated with anti-HIFC or with saline, and reincubation was performed as described above. The homogenates were again washed and Co'-B,2 then added as a third incubation step. Final washing and measurement of homogenate radioactivity were performed in the usual way. Two controls were included in the sequential incubation studies: HIFC was incubated for 1 hour at 370 C with rabbit anti-HIFC or with normal rabbit serum before being mixed with homogenate; and after initial incubation and washing, Co"-B,2 was added subsequently as a second incubation step.
VI. Vitamin B12 absorption studies
On repeated occasions vitamin B12 absorption was measured by a modification (18) of the method of Schilling (19) The electrophoretic distributions of radioactivity in preimmunization and postimmunization sera are shown. Preimmunization serum was obtained after the patient received the first injection of P-HIFC; this may account for the slurring of the radioactivity peak toward the origin. pension mixed thoroughly. A standard volume of the test serum (10 ml of rabbit serum or 40 ml of human serum) was added and the mixture incubated at 370 C for one hour. Precipitate, when formed, was resuspended and the entire mixture fed to the patient. In two studies, 10 ml of rabbit antibovine serum albumin serum and 1 ml of a 400 mg per 100 ml suspension of bovine serum albumin (BSA)5 (a quantity calculated to result in maximal precipitation) were added to the Co'-B,,-HIFC. After incubation at 370 C for one hour, the resultant mixture was fed to the patient.
RESULTS
Serological studies. Serum obtained from rabbits after immunization with P-HIFC contained precipitating antibodies to P-HIFC. By the Ouchterlony technique, four precipitin bands were visualized and on immunoelectrophoresis multiple lines were formed. The rabbit antiserum did not precipitate purified porcine A substances but did react with porcine plasma 7 to form two precipitin lines. One of these fused, with spur formation, with a precipitin band resulting from the reaction 5 Nutritional Biochemicals Corporation, Cleveland, Ohio. 6 Knickerbocker Laboratories, New York, N. Y. 7 Pentex, Inc., Kankakee, Ill.
between P-HIFC and rabbit anti-HIFC (i.e., reaction of partial identity). Figure 1 shows the percentage of radioactivity precipitated from a fixed quantity of Co57-B12-HIFC complex by various amounts of rabbit anti-HIFC serum. A maximum of 78% of the Co57 activity was precipitable in the presence of excess antiserum. Possible reasons for the failure to precipitate all of the Co57 activity will be discussed later.
After the third injection of HIFC, both patients with pernicious anemia manifested skin sensitivity of the immediate type (wheal and erythema). Further injections of antigen were necessary, however, before sera from both patients reacted visibly with P-HIFC in agar diffusion systems (Figure 2 ). Repeated attempts utilizing Ouchterlony, Preer, and immunoelectrophoretic techniques to demonstrate precipitating antibodies to P-HIFC in the sera of five patients previously proved to be refractory to oral HIFC were unsuccessful.
Electrophoretic studies. A CO57-B12-HIFC complex, when added to normal serum or to sera obtained from the pernicious anemia subjects be- fore immunization, migrated anodally with the beta globulins on paper electrophoresis ( Figures  3-5) . In postimmunization sera (containing precipitins) the complex remained fixed at the origin as a homogenous peak (Figures 4 and 5) . The electrophoretic mobility of Co57-B12-HIFC in the sera of patients previously proved refractory to oral HIFC was found, in all but one case, to be normal (Table I, Figure 6 ). In the exceptional serum "D," the Co57 activity failed to migrate from the zone of application (Figure 7 ). It should be noted (Table I) that serum "H." obtained 4 months after serum "D" from the same refractory patient (F. C.) did not impede the migration of the Co57-B12-HIFC complex.
Liver homogenate studies. When the products of the reaction between HIFC and rabbit anti-HIFC serum (i.e., the supernatant fluids and dissolved precipitates) were tested for their capacity to enhance the Co57-B12 uptake of rat liver homogenates, curves such as the one depicted in Figure 8 resulted. Supernatant fluids derived from tubes containing antiserum in great excess diminished Co57-B12 uptake by the homogenate below that occurring in the absence of HIFC. With progressive dilution of antiserum to 1: 256, diminishing quantities of precipitate formed; nevertheless, no reciprocal increment in intrinsic factor activity in the supernatant fluid could be demonstrated. At dilutions of antiserum greater than 1: 256, precipitation was not observed. Supernatant fluids from these tubes did potentiate B12 uptake by homogenates. Precipitates formed by the reaction between HIFC and rabbit anti-HIFC, after being dissolved and buffered, enhanced B12 uptake by homogenates only 15%, compared to control serum (Figure 8 ). The results of sequential incubation studies per-to facilitate the uptake of vitamin B,, by the hoformed are depicted in Table II . The data demon-mogenate, and 3) the addition of rabbit antiserum strated that 1) preincubation of homogenate in to a homogenate previously incubated in HIFC rabbit antiserum did not inhibit subsequent vita-diminished significantly, but not completely, its min B12 binding, 2) preincubation of HIFC with subsequent uptake of vitamin B12. anti-HIFC totally suppressed the ability of former
The effects of pre-and postimmunization sera (21) (22) (23) .
3) It is species specificpatients refractory to hog intrinsic factor will absorb vitamin B12 when the latter is ingested with a nonporcine source of intrinsic factor such as human gastric juice (6, 8, 10, 23) . 4) Sera of refractory patients may inhibit vitamin B12 absorption when fed with HIFC and vitamin B12 to nonrefractory patients with pernicious anemia (13, 24). 5) The inhibitory principle in serum has been localized to the globulin fraction (25) . 6) Sera of refractory patients may agglutinate red cells that have been coated with HIFC (13, 25) . 7) Patients refractory to oral HIFC therapy will occasionally, on discontinuation of such therapy, regain partial ability to absorb vitamin B12 when it is administered with oral HIFC. When large quantities of HIFC are fed to such individuals, refractoriness reappears very quickly. This has been termed an "anamnestic response" (26) .
On the other hand, certain other observations suggest that the problem cannot be resolved so simply. Thus, it has been shown that serum from certain patients with pernicious anemia who have never received hog intrinsic factor preparations, or who, despite such therapy, are not refractory, may suppress vitamin B12 absorption when allowed to interact with hog, human, or rat intrinsic factors (25) (26) (27) (28) (29) . Moreover, although many laboratories have searched for antibodies to hog intrinsic factor in the sera of refractory patients, none has clearly demonstrated precipitating antibodies, and only one (13) has described a significant correlation between the presence of hemagglutinating antibodies and the refractory state.
Several years ago, Taylor and Morton (30) clearly demonstrated that rabbits immunized with porcine or human intrinsic factor preparations would produce antisera that would, when administered with the appropriate intrinsic factor source, inhibit the absorption of vitamin B12 in patients with pernicious anemia. The present studies were undertaken in the hope that systemic immunization with HIFC of nonrefractory patients with pernicious anemia would provoke unequivocal antibody production while, concomitantly, the response of these patients to orally administered HIFC could be ascertained. By means of such observations, it was hoped that certain conclusions could be drawn regarding the relationship of the refractory state to the patient's immunological status. In addition, the serum antibodies resulting from systemic immunization to HIFC could be compared with those found in patients refractory to HIFC.
The studies in rabbits herein reported confirm and extend the findings of Taylor. Rabbits immunized with P-HIFC responded with the production of antibodies capable of precipitating approximately 80%o of the Co57-B12 bound to a relatively pure preparation of porcine intrinsic factor. Despite the presence of excess antiserum, 209o% of the radio-B12 activity could not be precipitated. Further studies demonstrated that the nonprecipitable vitamin B12 could not be bound by liver homogenates, nor could it be absorbed when fed to patients with pernicious anemia. It was recognized, therefore, that this nonprecipitable vitamin B12 was not bound to active intrinsic factor, and probably existed in one of the following forms: a) as free unbound vitamin B12, b) complexed with nonintrinsic factor-vitamin B12 binding substances, c) bound to nonfunctioning HIFC. Since, when dialyzed, the supernatant fluid lost no Co57 activity, the vitamin B12 could not have been free. When the supernatant fluid was subjected to paper electrophoresis as previously described, Co57 activity remained fixed at the origin. These findings suggest an immunologic interaction of a vitamin B12 complex with rabbit antibody. We feel that the most likely explanation for the incomplete precipitation of Co57-B1.2 in this system is the presence, in rabbit antiserum, of a variety of antibodies, some precipitating and some nonprecipitating. Additional evidence that the rabbit antiserum contains nonprecipitating antibodies to HIFC is derived from the liver homogenate studies. Here the supernatant fluids derived from the reaction between excess rabbit antiserum and HIFC inhibited even the baseline uptake of vitamin B12 by the homogenate that occurs in the absence of intrinsic factor. This finding implies the formation of soluble HIFC-antibody complexes that retain their ability to bind vitamin B12, but are incapable of attaching to homogenate receptor sites.
Because of the recognized stability of intrinsic factor at alkaline pH (31), attempts were made to recover intrinsic factor activity from HIFCrabbit anti-HIFC precipitates by dissolving the latter in weak base. Nevertheless, the yield of intrinsic factor activity, as demonstrated in the liver homogenate system, was unimpressive. Although the reasons for this were not fully investigated, it is probable that most of the intrinsic factor in the solubilized precipitate remains firmly bound to antibody, and is therefore inactive,
The results obtained from the sequential inctu--bation studies may be interpreted as suggesting that the mechanism of action of rabbit antiserum in the liver homogenate system is to bind HIFC in a soluble or precipitated complex and, thereby, to prevent the intrinsic factor from attaching to homogenate receptor sites. Further evidence that this inhibition is specifically mediated by the reaction between intrinsicfactor and an antiintrinsic factor antibody is the observation that when 10 nml of rabbit anti-HIFC was incubated with 30 ml normal human gastric juice, it reduced significantly the ability of the latter to facilitate vitamin B12 absorption in a patient with pernicious anemia.9 This patient excreted in her urine 22.8 % of the orally administered 2 ug Co6,-Bl2 when given with 30 ml normal human gastric juice, but only 5.45 % of this dose when rabbit anti-HIFC was preincubated with the human gastric juice. The cross reactivity of human intrinsic factor with an antibody to purified porcine intrinsic factor strongly suggests that the physicochemical configuration of that portion of the intrinsic factor molecule which facilitates vitamin B12 absorption is similar in the two species.
Despite the development (with immunization) of skin sensitivity and of precipitating antibodies demonstrable by agar diffusion techniques, two patients with pernicious anemia continued to absorb vitamin B12 normally whenever oral HIFC was administered. Nevertheless, postimmunization sera from these patients inhibited hog intrinsic factor activity in liver homogenates, prevented the normal migration of Co57-B12-HIFC complexes on paper electrophoresis, and in one case, when administered orally with HIFC to the serum donor, completely suppressed vitamin B12 absorption.
Possible reasons for the inability of postimmunization serum from the other patient (J. W.) to clearly suppress vitamin B12 absorption could not be studied adequately because of the limited quantity of serum available.
In most respects, the postimmunization human sera closely resembled the immune antisera produced by rabbits. In contrast, sera from five patients previously proved refractory to oral HIFC in no case contained demonstrable precipitating antibodies to HIFC and, with one exception, did not alter the migration of a Co57-B12-HIFC complex on paper electrophoresis, or inhibit HIFC activity in the liver homogenate system. It is significant that the inhibitory serum "D" was obtained at a time when the patient was receiving oral HIFC. Subsequent sera from this patient were inactive in electrophoretic and homogenate systems. These findings suggest a) that perhaps an occasional patient receiving oral HIFC therapy may develop serum antibodies similar to those characteristically induced by systemic immunization, b) that these serum antibodies persist only transiently if HIFC is discontinued and that the absence of such antibodies in the sera of the other refractory patients may simply reflect disappearance of antibody subsequent to cessation of oral HIFC therapy, and c) that these antibodies are labile and disappear with prolonged storage of serum. At present, none of these possibilities can be dismissed. It should be noted, however, that serum "C" from patient L. W. had a much higher hemagglutination titer than serum "D" from patient F.C. Both patients were receiving oral HIFC when sera "C" and "D" were drawn. Furthermore, these two sera were of approximately the same age when tested. Nevertheless, only serum "D" modified the electrophoretic mobility of HIFC and the ability of the latter to facilitate the uptake of vitamin B12 by liver homogenates.
Recent observations (13, (26) (27) (28) (29) demonstrate that sera from a fraction of all patients with pernicious anemia, refractory as well as nonrefractory, contain antibody-like substances capable of binding intrinsic factor and of interfering with its ability to facilitate B12 absorption. The accumulated evidence to date does not clearly establish that sera from refractory patients are unique either in the quality or quantity of antibodies contained. The studies herein reported demonstrate 1) that systemic immunization with hog intrinsic factor resulting in the formation of serum antibodies detectable by a variety of techniques does not, of itself, produce refractoriness, 2) that antibodies to intrinsic factor must be present in the lumen of the gut to prevent B12 absorption (a judgment previously voiced by others (6, 29) , and it is probable that they do so by preventing the attachment of intrinsic factor to receptor sites (a possibility also previously expressed) (29, 32) , and 3) that the serum of the refractory patient does not act in various in vitro systems like that of patients who have undergone systemic immunization with hog intrinsic factor.
These studies, however, do not rule out an immunologic basis for the refractory state. The possibility exists that preferential hyperimmunization of the gastrointestinal tract may result in the presence of significant quantities of antibody locally within the lumen of the gut with little or no "spill-over" into the systemic circulation. It has been long recognized (33) that the concentration of antibody in the gastrointestinal tract may bear no fixed relationship to its concentration in the serum. An alternative possibility is that refractoriness results from cellular immunity of the tuberculin type unassociated with demonstrable serum antibodies. A third, nonimmunologic mechanism may be conceived: repeated oral administration of heterologous intrinsic factor may, in some manner, induce a change in the mucosal receptors that interferes with the subsequent attachment of such intrinsic factor to receptor sites and, thereby, with its capacity to potentiate vitamin B12 absorption. This possibility is quite unlikely, as it would require perpetuation of abnormal receptor sites on rapidly regenerating mucosal cells in the absence of continued ingestion of heterologous intrinsic factor.
SUM MARY
Two patients with pernicious anemia were injected repeatedly with purified hog intrinsic factor concentrate (P-HIFC) until both developed unequivocal evidence of sensitization manifested by skin reactivity of the immediate type and precipitating serum antibodies. Nevertheless, no refractoriness to orally administered hog intrinsic factor was induced.
Postimmunization sera from both patients closely resembled rabbit anti-HIFC serum in their ability to 1) precipitate P-HIFC in agar diffusion systems, 2) prevent the electrophoretic migration of a Co57-B12-HIFC complex, 3) suppress the HIFC-enhanced uptake of vitamin B12 by liver homogenates, and 4) inhibit vitamin B12 absorption, when administered orally with HIFC, in one of two subjects with pernicious anemia.
In contrast, sera from five patients previously proved refractory to oral HIFC contained no precipitating antibodies to HIFC and, with one exception, altered neither the electrophoretic migration of a Co57-HIFC complex nor the vitamin B12 uptake of liver homogenates.
Since there is no correlation, in the individual patient, between the degree of systemic sensitization to hog intrinsic factor and the ability of the latter to enhance vitamin B12 absorption, it is concluded that the refractory state must be determined by local factors within the gastrointestinal tract.
